ABSTRACT.-Annual changes in plasma levels of thyroxine (T4) and triiodothyronine (T3) were compared in White-crowned Sparrows (Zonotrichia leucophrys gumbeliz) and House Sparrows (Passer domesticus) using serial blood samples from birds maintained in outdoor aviaries and from feral birds. Gonadal size was monitored by monthly laparotomy, and plumage was examined for molt at frequent intervals. Hormone levels were examined in relation to cycles of reproduction and molt, and to changes in ambient temperature. Thyroxine levels increased during postnuptial molt in both species, although in White-crowned Sparrows the increase was similar to that noted in late April and early May, which may have been associated with premigratory activity. However, in House Sparrows, thyroxine levels were highest throughout the three-month period of molt (mid-August to mid-November). They did not increase immediately after gonadal regression, giving no support for the hypothesis of a thyroid-gonad antagonism. Cold winter temperatures and changes in day length appeared to have little effect on T, and T, levels. In both species T, levels showed little seasonal variation, and changes in T, levels were independent of those in T,. Using radioimmunoassay, I measured changes in plasma levels of thyroid hormones in order to determine if there were increases in thyroid activity associated with molt or with seasonal cycles in ambient temperature, and if there was a hormonal basis for the temporal separation of reproduction and molt. I compared the White-crowned Sparrow (Zonotrichia leucophrys gambelii), a migratory species having two molts per year, with the House Sparrow (Passer domesticus), a sedentary species which has a single extended molt per year. 
I used radioimmunoassay to measure plasma thyroxine (T4) and triiodothyronine (T3). In this assay system (see Chopra 1972) a known quantity of radioactively-labeled hormone competes with the unknown quantity of the same hormone in the plasma sample for a few specific binding sites on an antibody. The binding sites on the antibody are filled in proportion to the ratio of labeled-to-unlabeled hormone in the mixture. After equilibrium is reached, the excess, unbound hormone is removed, and the amount of radioactivity bound to the antibody is measured; from this, the level of the hormone in the plasma sample is calculated. I used the procedure developed by Dickhoff et al. (1978) . I used two or three 25-~1 aliquots of a plasma sample for assay, to each of which I added a mixture containing antiserum and I' 25-labeled hormone. Following incubation, I precipitated the antibody by the addition of polyethylene glycol, and, after centrifugation, discarded the supernatant and measured the radioactivity of the pellet using a scintillation counter. Antiserum for T, came from Wien Laboratories (Succasunna, NJ) and for T, from Endocrine Sciences (Tarzana, CA). The cross reaction of each antibody with related tyrosine-based compounds was less than 5%.
Dilution of plasma from both species showed parallel cross-reactivity with a series of dilutions of hormone standards. Addition of these hormone standards to plasma previously treated with an equal volume of dextrancoated charcoal (to remove endogenous thyroid hormones) resulted in recoveries between 89 and 114%. Interassay variation, estimated from measurements on plasma pooled from White-crowned Sparrows, was 13.6% for T, (n = 17) and 18.3% for T, (n = 11).
I determined the statistical significance of changes in the hormone levels of feral birds with the Newman-Keuls multiple range test (Zar 1974) (Fig. 1) . In captive and feral White-crowned Sparrows, the testes were largest from midMay through mid-June and smallest from mid-July through late March (Fig. 2) 1 ). Levels were significantly higher (P < 0.05) throughout the period of molt than at other times of the year. They rose after gonadal regression, but before any feather loss. They then declined during November, and showed no significant changes during winter months. In contrast, concentrations of T, in the plasma were one quarter to one third those of T, and showed no statistically significant seasonal variations. Seasonal changes in T, and T, did not parallel one another. Thyroxine levels did not correlate significantly with day length, body weight, or environmental temperature, even when analysis was restricted to the winter months (Table 1) .
No significant changes occurred in either T, or T, levels of House Sparrows sampled in the field between late fall and early spring (Fig. 3) . Plasma concentrations did not differ from those found in captive birds. Although T, rose during the cold weather of January, the increase was not significant. Correlation coefficients indicated no significant relationship between T, and several other seasonal variables (Table 1) .
White-crowned Sparrows exhibited a different pattern of changes in plasma levels of thy-roid hormones. In the aviary population there was no clear relationship between T, levels and molt ( Fig. 2) : no rise accompanied prenuptial molt and the elevation during postnuptial molt was not significantly higher than the significant increases in late April. Levels during the winter were significantly lower than at all other times of the year (P < 0.05). Except for the brief increase in late April, plasma T, levels did not vary significantly throughout the year. The large and significant increase in T, in late April and early May of 1977 (and which was not quite as pronounced in 1976) may have been associated with premigratory activities (hyperphagia, fat deposition, Zugunruhe). Hormone titers, however, did not correlate significantly with body weight during either of these periods, and T, did not correlate significantly with any of the other variables (Table 1) .
Breeding birds in Alaska had lowest T, levels during the reproductive phase (Fig. 4) . A significant increase occurred at the onset of postnuptial molt (P < 0.05). However, no significant changes occurred during the winter in a distinct free-living population of Z. 1. gambelii in eastern Washington (Fig. 4) . Plasma T, showed no significant variations. T, levels did not correlate with important seasonal variables (Table 1) Gavrilov and Dolnik (1974) stated that the physiological condition required by birds at the onset of molt is so specific that it cannot coincide with other phases in the annual cycle. They suggested that T, establishes the rate, but not the onset of molt. Their scheme is clearly intended to describe the situation in migratory species for which periods of molt and reproduction do not overlap. It may also apply, however, to sedentary forms such as the House Sparrow, which do not schedule molt and reproduction around migration (although these two activities occur at separate times). My data (Fig. l) , for example, suggest that the postnuptial molt of House Sparrows is the most active period in their annual cycle for thyroiddependent metabolism. This suggestion is consistent with the finding that they gain weight during the period of molt. However, because the molt is extended, the daily energy expenditure at this time must be less than it is in a migratory species, such as the White-crowned Sparrow, which completes molt in a few weeks. thyroidectomized Pekin ducks show unseasonal increases in luteinizing hormone and testosterone and that castration increases plasma levels of luteinizing hormone and T,. Hence, in these two species, thyroid hormones apparently inhibit testicular activity, which in turn permits the postnuptial molt to occur. However, the stimulus for the seasonal increase in T, remains unknown (Jallageas and Assenmacher 1979).
THYROID
I found no significant increases in plasma T, in either House Sparrows or White-crowned Sparrows during gonadal regression (Figs. 1,  3, and 4) , and my data provide no support for any significant thyroid-gonad antagonism. Such an antagonism may be an important factor controlling the onset of molt in subtropical Indian finches (Estrildidae and Ploceidae), ducks (Anatidae), and the Pied Flycatcher (Muscicapidae), but this does not seem to be the case for House Sparrows (Ploceidae), White-crowned Sparrows (Fringillidae), and Turkeys and Ruffed Grouse (Phasianidae). Perhaps there is no single endocrine control mechanism that is responsible for molt, but many different ones that have evolved independently in various groups of birds.
THYROID ACTIVITY AND PREPARATIONS FOR MIGRATION
Increases in plasma concentrations of thyroid hormones in White-crowned Sparrows during late April (Fig. 2) 
